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CLAIMS 



[Claim(s)] 

[Claim 1] The membrane formation method of the tungsten film characterized by providing the 
following. The nucleus crystal-growth process of growing up the nuclear crystal of a tungsten into the 
bottom of existence of the membrane formation gas which faces in a vacuum processor forming a 
tungsten film on the fi-ont face of a processed object, and contains a tungsten element on the fi'ont face of 
the aforementioned processed object. After this process, it is a short-time **** boron ** process to the 
atmosphere of boron content gas about the aforementioned processed object. The tungsten membrane 
formation process which the aforementioned nuclear crystal is grown up and forms a txmgsten film in the 
bottom of existence of the membrane formation gas containing a tungsten element after this process. 
[Claim 2] It is the membrane formation method of the tungsten film according to claim 1 characterized 
by the flow rate being 0.85% or more of abbreviation to the total gas total flow in the aforementioned 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention! 
[0001] 

circuit, in order to embed the holes duing ete ^ta ^Z L''I^'""'T^T' ^''^^''^ 
making a metal or metallic compounds sLT^W w« ^""^ simultaneously, 

(titanium night RAIDO) and TiSi rtiSd.^ sfll^i^^^^ WSi (tungsten silicide), Ti (titanium), TiN 
[0003] In the fomiationSod of SZo/^^^^^^ "^u ^ perfonned 

H2 reduction, SiH4 reduSTsi^Le/^Ss Cn 'If 'S"'' (hydrogen), for example, 

is the method of fomiing W ^d a^Si rh,^^^^^^^ SiH2 C12 It 

600 degrees C, usinTrichll sll^e i^?^^^^^ '^^""^^ '""^ ^'^^^^^^ tcmp^tarc of about 

pattern. SiH4 Reduction is tiTmeS of tolT^dTw^^^^^ ' ^'^^"'^ 

- - .a.n. W 

for example, the TiO^iN film in the frZ^t ^^^^'""^ ™^*°d °f *e conventional tungsten film forms 
advance of Membrane fonnlw wafer Ainly as a barrier metal in 

SiH4, and H2, Ar and N2 etc. it LtrSc^in a^^^^^ membrane formation gas - WF6, 

of a tungsten is made to adhere and fo^Tn ft e CTac^^^^^^ chamber and the nuclear crystal 
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rate and it is WF6. It is gas SiH4 It is H2 without using gas. A hydrogen reduction is carried out by gas, 
and a tungsten film is formed, for example, embedding of a hole and formation of a wiring layer are 
performed simultaneously. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, it is required that line breadth and the diameter 
of a hole should also be further made detailed according to this by the request of multilayering of a 
semiconductor integrated circuit, the further raise in detailed, and high integration. In this case, if a 
circuit pattern etc. turns minutely, although the part and resistance will rise, what was resistivity 
sufficient by the conventional design design needs to lower resistivity further by detailed-ization. 
However, it was difficult to obtain a tungsten film with which resistivity suits a design design small 
enough and new by the conventional membrane formation method of a tungsten film which was 
described above. 

[0007] Then, it is Ar and N2 as the technique of solving the above-mentioned trouble in boron content 
gas (B-2 H6), for example, a diboron hexahydride, at the time of membrane formation of the tungsten 
film after adhesion formation of the nuclear crystal of a tungsten. With gas, addition introduction is 
carried out into a chamber and, thereby, the attempt which enlarges the diameter of tungsten crystal 
grain and lowers resistivity is performed. However, there was also a problem that nitrogen dilution 
diboron-hexahydride gas carried out a polymerization, for example, solidified within the pipe line in the 
middle of supply, and produced piping plugging etc. this invention is originated paying attention to the 
above troubles tihat this should be solved effectively. The purpose of this invention is to offer the 
membrane formation method of the tungsten film which can make resistivity small. 
[0008] • 
[Means for Solving the Problem] this invention person is after formation of a tungsten nucleus crystal, 
as a result of inquiring wholeheartedly about the membrane formation method of a tungsten film, and he 
used to result in this invention by acquiring the knowledge that the diameter of crystal grain can be 
enlarged at the time of subsequent membrane formation by carrying out boron-ized surface treatment of 
the semiconductor wafer by boron content gas, for example, a diboron hexahydride, just before actually 
forming a tungsten film. Invention specified to a claim 1 is faced forming a tungsten film on the front 
face of a processed object in a vacuum processor. The nucleus crystal-growth process of growing up the 
nuclear crystal of a tungsten into the bottom of existence of the membrane formation gas containing a 
tungsten element on the front face of the aforementioned processed object, After this process, the 
aforementioned processed object in the atmosphere of boron content gas A short-time **** boron ** 
process, It constitutes so that it may have the tungsten membrane formation process which the 
aforementioned nuclear crystal is grown up and forms a tungsten fihn in the bottom of existence of the 
membrane formation gas containing a timgsten element after this process. 

[0009] Thus, it is, after growing up the nuclear crystal of a tungsten, and the crystal grain (grain) of a 
tungsten film becomes large at the time of subsequent film growth by carrying out boron surface 
treatment of the nuclear crystal of a tungsten by exposing a processed object to the atmosphere of boron 
content gas, just before actually forming a tungsten film, and it becomes possible to make resistivity 
small, hi this case, when hydrogen dilution diboron-hexahydride gas is used 5% as the aforementioned 
boron content gas so that it may specify to a claim 2, this flow rate is considered as 0.85% or more of 
abbreviation to the total gas total flow. Thereby, resistivity can be made quite small. 
[0010] As specified to a claim 3, the aforementioned tungsten membrane formation process is a process 
which performs simultaneously embedding of the hole formed in the front face of the aforementioned 
processed object, and wiring. 
[0011] 

[Embodiments of the Invention] Below, one example of the membrane formation method of the tungsten 
film concerning this invention is explained in full detail based on an accompanying drawing. Drawing 1 
is the outline block diagram showing the vacuum processor for enforcing the membrane formation 
method of the tungsten film of this invention. First, the vacuum processor for enforcing this invention 
method is explained. It has the processing container 4 fabricated by aluminum etc. in the shape of a 
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several mm and aiN^ «>mpo»nds, such as a carbonaceous material with a thickness of about 
in this lower part, the box-like heatXmh^r f ' t^^^.t^Parency aperture 12 is surrounded 

[OO.I]onaeo,lLfh^7S w^Sltn*S"™^ 

eontoer4prepares in tile above-meSeS^ulfo„t^"^^Tl\ mtote processing 

section which counters - having - iniecttoS 2SA onw« ^ Processing container ceiling 

blows of las - a hole in i<: n, ""J"^"™ siae 28A of this shower head section 28 - many 

fonnatio„^i-i'i".T/ZtS'tflT'f„^^^^^ 

[0014] Although the diboron hexahydride (B-2 H6) is used as the flhnv7«L!ff; ^ u 

among drawing. ' ^ ^^P^*^ Polysihcon film and 46 are insulator layeJs 

[0016] next - as the raw gas fi-om each source of a raw gas - WF6 Ar sm4 .n^ ro ^ x,^ u 
shower head section 28 - every f the snecifipH nuaJZ T . ' ' ^"'^ - the 

the bottom - it supplies equal? fbbSSHnrftel;;.^^^^^^^ " - ~ ^ ''^^^ 

is B-2 H6. Gas is not supplied By beTrrSo c^^^^^^ contamer 40 fi-om a hole 30 Here, it 

air of the interior atmosphere of exhaisf nort 7? ^''f^^ "^"^ *^ ^"^^ion exhaust 

predetermined degr^of ra^ul fo^exa^^^^^^ TK^^'fl^ P''^'^^^'"^ ^ is set to a 

chamber 14 is rotfted, ! **^Zy f s7^^^^^ ^ T^"!^' heat lamp 16 in a heat 

rnm -71 A A • . . uiivc is camea out, and neat energy is emitted 

[0017] After flie emitted heatray penetrate, the trai»parencyapSmr,,2,ifii,adiate^ 
j=, ^..o^...„,^..„,„..,,_ _ _ _ _ 
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installation base 1 0, and heats this. The wafer W which this installation base 1 0 is quickly heated as. 
mentioned above from about several mm and a very thin thing, therefore has been laid on this can be 
quickly heated to predetermined temperature. The proceiss temperature at this time is about 460 degrees 
C. The supplied mixed gas is WF6, as a predetermined chemical reaction is produced and it is shown in 
drawing 2 (B) here. It will be returned, adhesion formation of the nuclear crystal 48 of a tungsten will be 
carried out on the front face of the barrier metal 40, and a nucleus crystal-growth process is performed. 
This nucleus crystal-growth process is performed about 30 seconds, for example, and forms the nuclear 
crystal layer whose thickness is about 30nm. 

[0018] Thus, if a nucleus crystal-growth process is ended next, it will shift to a boron ** process. First, 
supply of reactant gas is stopped, vacuum length is carried out to base about **, for example, lO.to 3 
Torrs, at once, and it is B-2 H6 further. Supplying the predetermined gas which makes gas the start and 
carrying out a pressure up to about 80 Torrs, as shown in drawing 2 (C), a boron ** process is 
perfomied. A distributed gas kind here is Ar gas and H2. Gas and B-2 H6 It is gas and each capacity is 
4000sccm, ISOOsccm, and lOOsccm(s) (5% concentration). Here, it is WF6. Gas, SiH4 gas, andN2 
Supply of gas is not carried out. Thereby, it is exposed to boron and the tungsten nucleus crystal 48 is B- 
2 H6. A boron front face is formed by gas. It becomes possible to enlarge particle size of a nuclear 
crystal by this, so that it may mention later. This boron ** process is performed about 28 seconds, for 
example. In addition, the prpcess temperature at this time is about 460 degrees C, and is the same as a 
last process. 

[0019] Thus, if a boron ** process is ended next, it will shift to an actual tungsten membrane formation 
process. First, WF6 Gas, Ar gas, and H2 Gas and N2 lOOsccm supply of the gas is carried out 750 seem 
900 seem 80 seems, respectively, and actual membrane formation of a tungsten film is performed. Here, 
they are SiH4 gas and B-2 H6. Supply of gas stops. A process pressure and process temperature are the 
same as a last process respectively, and are 80Torr and 460 degrees C. The tungsten film 50 for wiring 
will be formed in a front face at the same time a hole 42 (refer to drawing 2 (A)) is embedded by this, as 
shown in drawing 2 (D). The processing time at this time is about 98 seconds, and forms the tungsten 
film 50 of 800nm thickness on the whole. 

[0020] Thus, particle size of the tungsten nucleus crystal (grain) which grows in a back process can be 
enlarged by incorporating a boron ** process, exposing a tungsten nucleus crystal to a diboron 
hexahydride, and forming a boron front face between a nucleus crystal-growth process and the tungsten 
membrane formation process which actually forms a tungsten film. For this reason, the crystal structure 
of the formed tungsten fibn 50 becomes a thing near a bulk crystal, and can make resistivity small. 
[002 1 ] B-2 H6 Although the resistivity (1 500 A conversion) of the tungsten film by the conventional 
method was about 12.2 microomegacm as a result of comparing with this invention method the 
conventional membrane formation method of not using gas, the resistivity (1500A conversion) of the 
tungsten film by this invention method is about 8.5 microomegacm, and that it is sharply improvable 
made resistivity clear. 

[0022] Drawing 3 is the electron microscope photograph of the cross section of the hole embedding 
portion by the tungsten film which formed membranes by the above-mentioned method, and it becomes 
clear that the particle size of the tungsten nucleus crystal of this invention method shown in drawing 3 
(B) is large clearly as compared with the conventional method shown in drawing 3 (A), and it is in the 
state near a bulk crystal. Moreover, in the case of this invention method, about the embedding of a hole 
42, the problem was not produced at all, but it was in the good embedding state like the conventional 
method. 

[0023] Furthermore, by this invention method, it sets at the above-mentioned boron ** process, and is 
B-2 H6 of 5% concentration of hydrogen dilution. Although lOOsccm addition of the gas is carried out, 
resistivity will not become so small, if it is desirable that this quantity of gas flow is 0.85% (**50xlOO/ 
(4000+1800+50)) of more than abbreviation to 50 or more seems of abbreviation of gas total, i.e., the 
total amount, and it is smaller than this. This point is explained with reference to drawing 4 . Drawing 4 
is B-2 H6, in order to show the above-mentioned result. It is the graph which shows the relation between 
the flow rate of gas (5% concentration), and resistivity (1 800A conversion). In addition, it is Ar quantity 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram showing the vacuum processor for enforcing the membrane 
formation method of the tungsten fibn of this invention. 

[Drawing 2] It is process drawing for explaining the membrane fomiation method of this invention. 
[Drawing 3] It is the electron microscope photograph of the cross section of the hole embedding portion 
by the tungsten film. 

[Drawing 4] B-2 H6 It is the graph which shows the relation between the flow rate of gas (5% 
concentration), and resistivity. 

[Drawing 5] It is N2 as dilution gas. The case where gas (the conventional method) is used, and H2 It is 

the graph which shows concentration change of the diboron hexahydride (B-2 H6) at the time of using 

gas (this invention method). 

[Description of Notations] 

2 Vacuum Processor 

4 Processing Container 

10 Installation Base 

12 Transparency Aperture 

16 Heat Lamp . . 

28 Shower Head Section 
40 Barrier Metal 
42 Hole 

44 Doped Polysilicon Film 
46 Insulator Layer 
48 Nuclear Crystal of Tungsten 
50 Tungsten Film 

W Semiconductor wafer (processed object) 
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DRAWINGS 
[Drawing 1] 
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